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Complications resulting from intravenous drug misuse affect the lung more frequently than any other organ, regardless of whether the drug misuser is infected with the human immunodeficiency virus (HIV). The risk of pulmonary infections is increased by virtue of general self neglect, poor nutrition, and the non-sterile technique used both to prepare the fix and to self administer an intravenous injection. Drug misusers are also at risk from an ever widening range of pulmonary complications not directly related to infection (table 1) . Understanding of the well defined non-infective problems is essential to allow them to be recognised and distinguished from the infectious complications, which often require emergency treatment. The non-infectious disorders may mimic more common pulmonary disease and may themselves lead to respiratory disability.
Most striking, however, is the high rate of HIV infection in intravenous drug misusers, and this is increasing disproportionately faster than among other high risk groups. As with anyone infected with HIV there is a high incidence of opportunist and non-opportunist ptulmonary infections. In contrast, pulmonary complications not directly related to infection (for example, Kaposi's sarcoma) are much less common in HIV positive drug misusers than in other groups infected with HIV.
The aims in these two articles are to describe briefly the pattern of pulmonary complications seen in intravenous drug misusers, and to summarise the clinical and pathological Techniques of intravenous drug misuse An understanding of the types of substances used in intravenous drug misuse and their method of preparation will help the clinician understand the pathogenesis of many of the pulmonary complications described below.
Until the early 1980s over 90% of intravenous drug misusers injected heroin, usually twice or three times a day. The list of other drugs associated with misuse continues to expand, and includes other intravenous preparations and the injection of substances intended for oral medication (table 2) . More recent studies on patterns of drug use in Britain indicate that "new" drug misusers are more likely to be polydrug abusers, using combinations of drugs such as buprenorphine, dihydrocodeine, and temazepam, with or without heroin.7 12 These changes in the pattern of drug misuse reflect in part the local availability of that drug in each city. At the Table 3 Relative frequency ofpulmonary complications associated with intravenous drug misuse in two inner city hospitals in the United States same time as using drugs intravenously, such individuals may inhale drugs (for example, by smoking or snorting them), a behaviour associated with a different variety of pulmonary complications.'3 Alcohol misuse is also common. 5 7 Worldwide, however, heroin remains the most common drug to be used by intravenous drug misusers (in the UK 84% use heroin and 6% cocaine).4 Because many of the complications relate to the methods used to prepare and then inject the drug, these processes will be briefly summarised. 5 The heroin usually arrives in a pure form in Western countries, having been acetylated from the parent compound morphine. Pure heroin is then progressively adulterated ("cut") by diluting it 20-100 fold in an unsterile fashion with soluble diluents ("fillers"-for example, quinine, lactose, maltose, mannitol, baking soda, starch, barbiturates, and chloroquine)."4 As a result the concentration of heroin sold to the user by the pusher is very variable (0-20%).
Having purchased the fix the user mixes the dry white powder in unsterile water (from a public lavatory, for instance) or in saliva. The mixture is heated briefly in a spoon or bottle cap held over a lighted flame, such as a match or a candle, and removed from the heat as soon as bubbles appear. Other forms of heroin (for example, "brown" heroin) are poorly soluble in water and require acidificationwith lemon juice or vinegar, for examplebefore the heating process.
The heroin mixture is then drawn into a syringe through a ball of cotton wool to filter out the larger impurities. The intravenous self injection ("mainlining") is performed without skin cleansing, often in the presence of one or more users, who will then share the syringe and needle without any attempt at sterilisation. Overdose is often associated with vomiting and aspiration of gastric contents into the lungs, and this may lead to the adult repiratory distress syndrome (ARDS).23 Milk is often found in the aspirated material, having been given by other heroin users in the mistaken belief that it is a useful aid to resuscitation. Segemental, lobar, or lung collapse may also follow overdose as a result of retained secre-20 tions or aspiration.
Non

FOREIGN PARTICLE EMBOLISATION
Although the alterations in pulmonary function seen in intravenous drug misusers suggest that foreign particle emboli are common (see below) appreciable respiratory symptoms are unusual and occur in under 1% of drug misusers.5 9 13 15 20 22 23 Pulmonary vascular granulomatosis This rare complication is seen in the small percentage (under 5%) of intravenous drug misusers who inject aqueous suspensions of medications intended solely for oral use (table   4) .3' The foreign body granulomas are a reaction to the embolisation of insoluble materials used as fillers and binders in the tablets. This complication is rarely seen from the use of heroin alone, though there are a few reports of pulmonary granulomatosis induced by cotton (from the home made cotton wool plugs used to filter the "fix" before self injection) and starch (used to adulterate the street heroin). Talc induced "mainline" pulmonary granulomatosis In most reported cases the granulomatous reaction is secondary to talc (magnesium trisilicate)," 14246 a filler added to tablets during the manufacturing process to prevent them sticking to the punches and dies (table 4). In some cases (for example, with pentazocine) talc accounts for three quarters of the tablet's weight. Clinical features arise only after heavy and prolonged use of intravenous injections (for example, 10 000-100 000 tablets, or the equivalent of 10-40 tablets a day for 1-10 years). Popular combinations are of pentazocine and tripelennamine or methylphenidate. Cases have also been reported in addicts with a history of injecting alpha sympathomimetic agents obtained from nasal inhalers, (such as mephenteramine and propylhexedrine).41
Pathophysiology: The pathological features are of diffuse intravascular and perivascular noncaseating granulomas. Polarised microscopy shows birefrigent particles within the granuloma with a larger mean particle size (over 5 gm) than is seen in inhalational talcosis. There is variable occlusion of the pulmonary vessels by thrombosis or fibrosis, and in severe cases hypertrophy and angiomatoid malformation of the pulmonary arteries.40414950 These pathological changes are a consequence of the pulmonary endothelial injury induced by the intravenous talc particles trapped within the arterioles and capillaries. This leads to thrombosis and focal acute inflammation with destruction of the arterial walls and subsequent organisation and revascularisation. With time there is transvascular migration ofparticles and the formation of perivascular and interstitial granulomas, causing interstitial fibrosis and pulmonary hypertension. These changes have been reproduced in animal models.5' Perivascular deposition of talc in other organs, such as the liver and spleen, may also be seen.
Clinical features: The main symptom is of progressively increasing breathlessness with exertion, occasionally associated with a slightly productive cough.36373I 4 function tests may show low gas transfer (77-100%), usually with an obstructive defect (62%) but occasionally with a restrictive (15%) or mixed ventilatory defect (23%)." 54 In one study serum angiotensin converting enzyme activity was raised in three of six patients and there was diffuse uptake of gallium-67 throughout the lung in all six.55 As might be predicted, the degree of breathlessness and the severity of the chest radiographic and pulmonary function abnormalities relate to the quantity of drug misused. The explanation for all these various changes is presumed to be multifactorial and includes previous episodes of subclinical pneumonia and non-cardiac pulmonary oedema following overdose, and foreign body granulomas. There is no evidence for a direct toxic effect of the injected drug on the alveolar-capillary membrane.75 EMPHYSEMA Occasional reports have documented radiological, physiological, and pathological evidence of emphysema with or without bullae formation in users of intravenous drugs. Most cases have been in drug misusers injecting medications intended for oral use, and have occurred in association with intravenous talcosis.5 5 7 Similar emphysematous lesions may be induced in rabbits. 79 In contrast to the lower lobe bullae in talcosis, one series included 10 cases with upper lobe bullae (average age 36-7 years) in a radiological survey of 387 drug misusers."0 All had severe airways obstruction.
Upper lobe cystic disease may be confused in HIV positive intravenous drug users with the pneumatoceles that occasionally follow Pneumocystis carinii pneumonia. Computed tomography, however, can usually distinguish the two conditions. Pneumatoceles are usually dispersed throughout the lung parenchyma, whereas emphysematous bullae in intravenous drug users are located peripherally with sparing of the central portions of the upper lobes.8'
AIRWAYS DISEASE
Several studies have failed to show an increased incidence of asthma in intravenous drug users, though in one series one quarter of those with asthma had an attack within hours of using intravenous heroin.82 Both heroin and morphine release histamine, and inhalation of these compounds may provoke acute severe asthma, which may be fatal. 8' Symptomatic bronchiectasis has also been described in intravenous heroin addicts with a past history of pulmonary oedema following overdose and diffuse or predominantly lower lobe bronchiectasis may be seen on bronchographs. The mechanism of bronchial injury is uncertain, but may be a sequelae of aspiration pneumonia or relate to the high prevalence of fungal precipitins in the sera of intravenous heroin users.'0 Allergic bronchopulmonary aspergillosis has been described in smokers of marijuana contaminated with fungi. 3 
COMPLICATIONS AT THE SITE OF INTRAVENOUS INJECTION
Long term intravenous drug misusers gradually obliterate their peripheral veins by an infectious or sclerotic process. Once they have exhausted their superficial veins they may resort to performing central venous injections, via either the supraclavicular (internal jugular vein-"pocket shot") or the subclavicular route (subclavian vein). These injections are undertaken either by the user or by "lay specialists." Complications have included unilateral and bilateral haemothoraces, with or without tension pneumothorax or pyopneumothorax.Y7 Individuals may present with acute respiratory distress and the picture may easily be confused with that of acute noncardiac pulmonary oedema following overdose. There is usually evidence of a puncture site with or without a superficial abscess below the Hind
